Summary
Perinatal changes in the apical surface of the colonic absorptive cells in the rat were studied morphometrically. Cell microvilli length increased from day 20 through neonatal day 3, during which a maximum incremental growth rate was noted between fetal day 22 and neonatal day 1. Microvilli width remained almost constant throughout the period. Enlargement of the apical surface of the microvilli showed a similar developmental pattern as was seen from the measurement of length and surface area of any one of the microvilli. Fetal oral administration of milk in utero caused incremental growth in length and surface area, as well as an associated apical surface enlargement. The present study indicates that the function of the colonic absorptive cells, which is acquired later on in utero, is activated by ingestion of maternal milk after birth.
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The main function of the large intestine in mammals is the absorption of water from undigested material and the secretion of mucus to facilitate the elimination of dehydrated material as faeces (Weiss & Greep, 1977; Janqueira & Carneiro, 1980; Bloom & Fawcett, 1986) . Development of the digestive tract in Received 3 April /990; accepted 7 December /990 mammals has been studied by many investigators. Most of the studies are restricted to development in the prenatal period or in the postnatal period. The purpose of the present study is to clarify the perinatal changes of the digestive tract from the morphological point of view. Clarifying the perinatal development of the digestive tract will contribute to the understanding of the functional changes of the digestive system which occur prior to and in preparation for neonatal life.
We have previously demonstrated that, during the perinatal period in the rat, the number of colonic goblet cells increases remarkably just after birth and that the increased number of cells plays an important role in facilitating the efficient movement of ingesta, indicating the adaptation of the fetus to extra-uterine or neonatal life (Morikawa et al., 1988) . Since the colonic absorptive cells are involved in water absorption, one might expect some changes to occur in the epithelial cells in response to ingested material immediately after birth.
The present study, therefore, was designed to clarify morphometrical changes in the apical plasma membrane of the colonic absorptive cells in perinatal rats with special reference to the effect of fetal oral administration of milk in utero. The intra-uterine oral feeding technique used here is the most effective and humane method in performing such studies.
Materials and methods
Wistar rats were given commercial diet (Oriental pellets, NMF) and water, ad libitum. Rats were mated overnight and examined the next morning for the presence of spermatozoa in the vaginal smear. The day on which spermatozoa were found was regarded as day 1 of gestation. Fetuses on days 20,21 and 22 of gestation and neonates on days 1, 2 and 3 of neonatal life were obtained. On day 20 of gestation, some of the fetuses were orally given O' 3 mg of powdered milk dissolved in 0-1 ml of distilled water, in utero, according to the method described by Morikawa et al. (1974) . Pregnant rats were kept at a room temperature of 23-25°C and were exposed to artificial fluorescent light for 14 h per day. At surgery, the pregnant rats were deeply anaesthetized by ether, and were then subjected to midventral laparotomy. After exposure of a portion of the uterus, some stitches were made to make a loop of thread around the approximate site of the head of a fetus on the uterine wall. Through an incision within this loop, the head was exposed and the thread was slightly tightened to prevent the fetus from coming out of the uterus. Then the fetus was orally given O' 3 mg of powdered milk dissolved in O' 1 ml of distilled water using a glass syringe with a tuberculin needle on the tip of which was attached a 1. 5 cm length of polyethylene tubing PE 10 (Clay Adams, Division of Becton, Dickinson and Company, New Jersey, USA). The head was then returned to the uterus and the incision closed by fastening the thread tightly. The fetal peroral administration of milk in utero is not a critical operation. It is a simple operation that can be performed in a matter of 20 min and there are few adverse effects on the mother. Two days after the procedure, the fetuses were obtained under ether anesthesia of the mother. After removal of the fetuses, the mother rats were killed by exsanguination under ether anesthesia; the fetuses and neonates were killed by decapitation. Non-treated littermates Were used as controls. All rats were killed between 1000hand 1200 h.
Small portions of the descending colon were quickly removed, fixed in a mixture of 2'5% glutaraldehyde and 2 -0070paraformaldehyde in O' 2M phosphate buffer (pH 7' 4) for 1-5 hand post fixed in 2· OOJo osmium tetroxide in phosphate buffer (pH 7, 4) for 1. 5 h. The tissues were dehydrated in a graded series of ethanol, soaked in propylene oxide and embedded in Epon-AraIdite. Thin sections stained with uranyl acetate and lead citrate were observed using a Hitachi H-600 electron microscope. Electron micrographs of surface absorptive cells of the colon were taken, where the microvilli seemed to have been cut longitudinally.
For morpho metrical study, microvilli in which core fIlaments were observed running from the tip to the base were selected. More than 30 microvilli per sample were measured. The measurement was performed on prints, the final magnification of which was 40000. Since the tip of a microvillus was considered as half spherical, the microvillous surface area (S) was calculated from the following formula: S = 47rfl/2 + 27rr(h -r) = 27rrh, where 2r is the width and h is the length of a microvillus.
The enlargement of the apical surface due to microvilli was determined according to the method described by Sitte (1967) and Stenling and Helander (1981) . A straight reference line was first drawn through the bases of microvilli before a transparent lattice was placed over the micrograph at about 20°to the reference line. The number of intersections (lr) between the reference line and the grid lines as well as the number of intersections (fa) between the grid lines and the apical plasma membrane were then counted. The enlargement factor (Ef) was obtained from the following formula: Ef = fa/ fr.
Using semithin sections stained with toluidine blue, cell height of surface absorptive cells was measured, where the epithelial cells were sectioned perpendicularly to the basement membrane. The average cell height was determined with an ocular micrometer by measuring a total of 40 cells per sample. Data were analysed with Student's t test. A P value less than O· 05 was considered statistically significant.
Results Table 1 shows changes in length, width, volume and surface area of microvilli as well as The length and surface area of microvilli increased from fetal day 20 through neonatal day 3, showing a remarkable increment between fetal day 22 and neonatal day 1. The volume of microvilli also increased consistently from fetal day 20 through neonatal day 3, whereas the width of microvilli remained unchanged throughout the perinatal period. The enlargement factor of the apical surface due to the microvilli showed the same deve~opmental changes as seen in the length and surface area of microvilli during the perinatal period. Height of the surface absorptive cells increased remarkably from fetal day 22 to neonatal day 1 (Table 2) . Table 3 shows changes in length, width, volume and surface area of microvilli as well as enlargement factor of apical surface due to the microvilli of the colonic surface absorptive cells after oral administration of milk to fetuses in utero. The length and surface area of microvilli of the cells in the milk-fed fetuses were significantly larger than those of microvilli of the cells in the littermate control fetuses. The microvilli volume of the cells in the milk-fed fetuses tended to be larger than that of the cells in the control fetuses. The enlargement factor of the apical surface due to the microvilli in the milk-fed fetuses was significantly larger than that in the littermate control fetuses. There were no significant differences in microvilli width and cell height between the two groups (Tables   3 & 4) .
Discussion
The present results suggest that development of the colonic absorptive cells in perinatal rats is accelerated by the intake of maternal milk associated with birth and that the absorptive cells can respond to food material introduced into the gut near term. In the present study, length and surface area of microvilli increased significantly from fetal day 20 through neonatal day 3, showing a marked increment between fetal day 22 and neonatal day 1. The same developmental pattern as noted in the microvilli length and surface area during the perinatal period was seen in the enlargement factor of the apical surface due to the microvilli. Furthermore, the height of the colonic absorptive cells increased remarkably between fetal day 22 and neonatal day 1. From functional point of view, the large apical surface area due to the microvilli of the colonic absorptive cells makes them well suited for effective water absorption from digested material. Therefore, the present findings suggest that the cells in neonates are functionally more active in absorption than those in fetuses. This notion is supported by several lines of evidence: In the mouse duodenum, microvilli length of the absorptive cells rises very rapidly between 18 day embryo and newborn pup in association with birth and rises again between days 16 and 18 after birth in association with weaning (Overton, 1965) . In adult rats, the epithelial cell heights in both duodenum and jejunum are significantly larger in non-fasted animals than in fasted animals (Stenling & Helander, 1981) . The jejunal absorptive cells in newborn rats contain numerous lipid droplets within one day after initiation of sucking, indicating active absorption of ingested maternal milk by the cells (Mak & Trier, 1979) . On the other hand, there have been numerous reports concerning functional development of the gut in fetuses. In rabbits, horseradish peroxidase (HRP) introduced into the fetal stomach lumen is absorbed by the epithelium of the small intestine (Orlic et al., 1981) . In rats, HRP injected into the amniotic cavity is swallowed by the fetuses and is absorbed by the epithelium of the jejunum, ileum and colon (Lev & Orlie, 1972; Orlic & Lev, 1973; Colony & Neutra, 1985) . In addition, trypan blue injected into the amniotic cavity is taken up by intestinal epithelium before birth in rats, rabbits, guineapigs and ferrets (Williams & Beck, 1969) . In the present study, the fetal oral administration of milk in utero caused significant increments in the length and surface area of the microvilli as well as the enlargement factor of the apical surface due to the microvilli when compared with controls. This finding suggests the enhanced function of the
Cont colonic absorptive cells in absorption in the milkfed fetuses. The findings noted in the milk-fed fetuses and in perinatal animals are parallel to our previous report that fetal oral administration of milk in utero causes significant increment in the number of colonic goblet cells and that population of the colonic goblet cells increases markedly just after birth and this increment is due to the ingestion of maternal milk associated with birth (Morikawa et al., 1988) . Since the goblet cells facilitate elimination of dehydrated material, the increment in the number of the colonic goblet cells is thought to be closely related to altered function of the absorptive cells in water absorption.
In the present study, there was a significant increment in the enlargement factor between fetal day 22 and neonatal day 1 as well as between neonatal days 2 and 3. The length of microvilli, however, increased markedly between fetal day 22 and neonatal day I, whereas no change was observed between days 2 and 3. These findings suggest that the apical plasma membrane of the colonic absorptive cells accompanies two developmental patterns: the period in which both the microvilli length and density remarkably increase (between fetal day 22 and neonatal day 1) and the period in which only the microvilli length increases (between neonatal days 2 and 3). The present study revealed no significant difference in cell height between the milk-fed and the littermate control fetuses. This may be due to the fact that colonic lumen of the milk-fed fetuses was filled with ingested material, which had a compressing effect on the luminal surface of the colon. Since defecation does not occur in fetuses (Liggins, 1982) , the enlargement of the lumen is thought to be caused by the presence of excessiveingesta. The presence of the excessive ingesta has probably masked the inherent difference in cell height that should have been observed between the experimental and control groups.
In conclusion, the significant increments in length and surface area of microvilli, concomitant with increased enlargement factor of the apical surface due to the microvilli, observed just after birth, indicates enhanced function of the colonic absorptive cells in water absorption in neonatal rats. 
